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ABSTRACT 



This paper discusses Integrated circuit application In a missile checkout and ground 
control system. Integrated circuitry refers to any technique that presents in some mini- 
aturized form a basic building-block circuit. This application has evolved from unique 
circuits using standard components to preferred circuit building blocks also using stand- 
ard components, and finally, to the use of solid-state integrated circuitry. This paper 
contains a brief analysis of the sequence. The advantages and disadvantages, as viewed 
by the author, of the change to integrated circuits for a given use are considered) 

The system used to compare the two approaches is a solid-state computer used in 
ground checkout of an ICBM, and more specifically, In a time interval, phase, and period 
measurement system requiring digital logic. The system has been under development at 
Martin Company, Denver, Colorado. The particular type of integrated circuitry now being 
used and the possible choices for future use are compared. 



I. INTRODUCTION 



The Denver Division of the Martin Company has 
Initiated a standardization program to reduce the 
cost and lengthen the MTBF (mean time between fail- 
ures) of the OGE (operating ground equipment) for 
the Titan ICBM. The resultant reduction in man- 
hours and overall costs brought about a state-of- 
the-art Investigation of integrated circuitry 
techniques. The gratifying results of the study 
induced the Company Co use integrated circuits in 
a large digital system, thus decreasing the cost 
and Increasing. the reliability over existing sys- 
tems. 



II. RESEARCH AND DEVELOPMENT 



A solid-state circuit usually will have fewer 
parts and will consume less power in a given use if 
It Is designed specifically for that job. In the 
early design and engineering of the OGE for the 
Titan ICBM, the Martin Company designed each cir- 
cuit as it was needed in the system to minimize 
parts and power consumption. However, In a large 
system, several circuits became repetitive, with 
only minor variations. Each circuit had been de- 
signed Independently unless the same engineer 
worked on both systems. This was expensive and 
time consuming (see Appendix A). 

A Standard Circuits Group was organized, with 
responsibility for designing a set of logic and 
switching circuits that would be completely compat- 
ible in any combination desired, within predeter- 
mined limits. These llmltB are restricted to 
fan-in/ fan-out capabilities and a common power 
supply. Few ac circuits are included in the set of 
preferred circuits, since their use is small in the 
overall system. These circuits have been in use 
for about two years, and the results have been 



satisfactory. Many man-months are being saved In 
design, drafting, and manufacturing. In addition, 
quantity purchasing and smaller stock problems have 
reduced component costs by thousands of dollars 
(see Appendix A). 

It is obvious that savings in other fields 
allowed more money for the purchase of higher qual- 
ity parts, thereby increasing the reliability 
factor in these circuits with no design changes. 
Not only Is it possible to use parts having longer 
MTBF, but the design margin Is Increased as com- 
pared to previously used components. 

In April 1958, the US Army Signal Corps awarded 
RCA a contract for the design and development of 
micromodular electronic equipment (Ref. 1). The Air 
Force has supported -large projects at Uestinghouse, 
Texas Instruments, and Motorola in the field of mod- 
ular electronics (Ref. 2). These are juat a few ex- 
amples of the government support that has been given 
to the electronics industry in the field of inte- 
grated circuitry. RCA began micromodular research 
in 1956, but received Impetus from the Signal Corps 
support (Ref. 3). Many other companies were already 
conducting integrated circuitry research, or have 
since entered the field. 

Industry and government support of Integrated 
circuit development has resulted In a great variety 
of new products from which the electronics user may 
choose. Several companies produce semiconductor 
networks of the type from which the circuits used 
in the Martin system were developed. Other compa- 
nies are rapidly expanding the market. The growing 
importance of semiconductors is described in 
Business Week (Ref. A). 

In an attempt to enter the new market, many 
firms are offering custom-built integrated circuits 
for any user who agrees to pay the tooling expense 
in addition to the price of the custom circuits 
(Ref. 5). 
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Miniaturization of Integrated circuits In 
operating ground equipment has only minor value un- 
less It provides other major advantages. However, 
when OCE becomes spaceborne or moon-based, minia- 
turization Is a major requirement. Certain types 
of Integrated circuits seem to have sufficient value 
in other applications to merit further investiga- 
tion. Some of the requirements of ground support 
equipment are described below, not necessarily In 
the order of their importance. 

Reliability - Although the reliability require- 
ments for ground equipment ore lower than those for 
airborne circuitry, they must be sufficiently high 
to assure a successful checkout and launch of the 
missile. Even with redundancy to assure a success- 
ful launch, downtime for repairs cannot be afforded. 

Reasonable Initial Cost - When applied to ini- 
tial cost, the word "reasonable" is a vague term and 
must consider all production processes. It cannot 
.be a simple dollar-for-dollar comparison of the 
purchase price of standard components, all designed 
to do the same job. Assembly, maintenance, and life 
of the component must also be considered. The value 
received per dollar expended is the basic criterion. 

Off-The-Shelf Availability - This might be a 
debatable requirement, especially to those companies 
who claim that they can do a better Job for the 
customer by custom building the circuits. In a 
crash development program, however, the design, 
tooling, and manufacturing time required for the 
custom circuits might be unacceptable to the user. 

Ease of Manufacturing Assembly - Manufacturing 
costs represent a large portion of the total cost of 
moat large systems. 

Lower Power Dissipation - The cost of electric 
power alone for the operation of ground equipment 
would probably be a relatively unimportant consider- 
ation. The main problem Is the elimination of heat 
given off by the components. This heat elimination 
requires special equipment such as blowers, heat 
sinks, air conditioners, chassis, and racks. Inte- 
grated circuitry reduces the amount of heat, thus 
reducing the need for heat elimination equipment. 

Interclrcult Compatibility - A minimum number 
of interface circuits, which are required to change 
from one voltage or power level to another, will 
reduce the cost and complexity of the system. 

Standard Circuits for Minimum Stock - Stock 
problems increase much faster with variety than with 
quantity. 

Reduced Space Requirements - Space becomes 
important when the system becomes a permanent 
installation, and the floor area is expensive. Min- 
imum space requirements will allow maximum freedom 
and convenience for the personnel involved. 

Variety - If 80 to 90% of the total system can 
be supplied as internally compatible integrated cir- 
cuitry, the interface problems will be further re- 
duced. This characteristic, coupled with previously 
mentioned requirements, gives a compact, highly 
reliable system. 



III. INTEGRATED CIRCUITRY FOR MARTAC 



In the spring of 1959, Martin-Denver thought 
that It would be more economical and useful to 
design a single computer-oriented system to replace 
existing and future subsystems of the operating 
ground equipment. Since the computer is initially 
less expensive than the required subsystems, it 
would, after repeated applications to new programs, 
save much time and money. Under the existing con- 
ditions, a new set of subsystems must be designed 
and built for each basic change in the missile. 
For minor changes, the ground equipment must be 
partially redeaigned and rebuilt. The proposal for 
this multipurpose checkout and launch set specified 
that the unit be capable of adapting to any changes 
in the missile or payload. 

The new digital checkout system has been named 
MARTAC (Martin Automatic *apid Test and Control). 
Several approaches were considered during the early 
design phase. In August 1961, Martin decided to 
use the integrated circuit approach throughout the 
MARTAC system. At the same time, Falrchild Semi- 
conductor Corporation proposed that Martin could 
recognize a considerable savings by purchasing the 
Micrologic elements already being manufactured by 
Falrchild. Furthermore, costB could be reduced by 
using units with narrower temperature speclficar 
tion. 

Martin accepted the Falrchild offer and began 
designing the system, using the types of Micrologic 
that were then available. At the beginning of the 
design effort, a three-Input "nor" gate, a flip- 
flop, and a half-shift register were available. A 
counter adapter, a full-shift register, a buffer 
element, and a half adder have been added. It has 
been calculated that the number of elements used in 
the MARTAC system could be reduced by 20 to 507. by 
using the full range of the presently existing cir- 
cuits (July 1962). 

Since the integrated circuitry used In the 
Martin system Is designed for a 3-volt system that 
will Interface with a 28-volt system, logic must 
be converted from one level to another. Interface 
circuitry has been designed to do this job, and at 
the same time, provide the required power switch- 
ing. Even these circuits follow the preferred cir- 
cuit philosophy, and a minimum number of designs 
are used. 

The intended first use for MARTAC is missile- 
oriented ground checkout, but the system is not 
limited to that use. Martin intends to produce 
MARTAC for such uses as : 

Nuclear reactor operations; 

Chemical industry operations and pilot 

plants; 

Aircraft circuit checkout and verification; 

Electronic manufacturing assembly and sub- 
assembly checkout; 

Petroleum industry laboratories. 
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Martin Company has recently conducted Independ- 
ent research In the thin-film field, but strictly 
in ft research and development category. The deci- 
sion to use Micrologic In a large control and test- 
ing tool was a definite departure from the usual 
attitude of using nothing radically new In a large 
system concept. In the past, integrated circuits 
were m03t widely used in airborne and mobile units. 

MARTAC is composed of two basic sections — 
the central unit and the remote unit. The break- 
down of functions is shown in Fig. 1, based on Ref. 
6.* The purpose of MARTAC is to perform the follow- 
ing functions: 

1) Follow a programed input; 

2) Permanently record information; 

3) Make over 100 decisions concerning sys- 
tem responses; 

4) Insert faults to test system response; 

5) Conduct self-test to locate internal 
malfunctions. 

MARTAC also has the capacity to make the meas- 
urements shewn in Table I. 



SPECIFIC USE 



The circuitry to perform the last three meas- 
urements shown in Table I is called the "Time Inter- 
val" section of the A-F, (analog-to-frequency) 
converter. These measurements, which may be per- 
formed by code programing, are indicated In Fig. 2. 
Transistors used In the base-driven avalanche mode 
of operation provide a very accurate, high-Input 
Impedance detector. 

To eliminate measurement errors caused by dif- 
ferences in propagation time through logic gates, 
the functional logic was removed from the signal 
path. The capability to select the required meas- 
urements Is accomplished by enabling or disabling 
the eight input detectors at predetermined times. 
When the start of the period to be measured occurs, 
ft high-power pulse is transferred to the start-atop 
generator (also an avalanche mode circuit). The 
same pulse triggers the logic to change its state 
and prepares It to detect the end of the interval to 
be measured. The conversion takes place in less 
than 800 nanosec, allowing a period down to 1 |isec 
to be satisfactorily measured. The output of the 
start-stop generator is driven through a coaxial 
line to a counter system operating at 100 mc. The 
number of 100-mc pulses counted between start and 
stop pulsea gives the time in tens of nanosec. The 
proposed design accuracy of the system Is +30 nano- 
sec. 



The logic Involved In this small portion of 
MARTAC explains the use of Micrologic. . Fig. 3, 4, 
and 5 show the conversion from standard "and-or" 
logic to "nor" logic, and finally to Micrologic 
"nor" logic. A great similarity exists between the 
"and-or" logic and "nor" logic as to the number of 
gates concerned. This indicates that "nor" logic 
can do the same Job as "and-or" logic in a large 
Bystem, and in many cases, can provide a savings irt 
design and types of stocked components. Fig. 5 
shows that some of the "nor" gates and flip-flops 
of Fig. 4 have been integrated into Micrologic 
elements for an overall reduction of the number of 
circuits. Fig. 6 and 7 show the assembled MARTAC 
prototype. 

CHOICE OF INTEGRATED CIRCUITS 



Cnooalng the method is sometimes the most dif- 
ficult task in micromlniaturlzing a large system. 
The requirements of the circuitry have been listed. 
There are few manufacturers who do not claim to 
meet the. majority of these requirements, but very 
few can meet all of them. Since some manufacturers 
are sufficiently better on major requirements, we 
could waive several of the less Important require- 
ments to obtain these major benefits. 

Using the requirements previously established 
for the integrated circuitry of ground equipment, 
we can now analyze the elements used in the Martin 
system and show the reasons for choosing them. 

Reliability - The Falrchild Micrologic devices 
have an observed MTBF of 1^000,000 hr, and a frac- 
tion defective of 0.009 per 1000 hr a,t 90% confid- 
ence and 0.002 per 1000 hr at 60% confidence (Ref. 
7). This reliability has been partially verified 
in-house by Martin. No units have failed when 
operated within specified ratings. 

Reasonable Initial Cost - Table II shows that 
there is less than a 2:1 ratio between the initial 
cost for standard components versus Micrologic, 
but this ia offset by reduced manufacturing costs. 
When ordered In quantities of ^-million, the price 
per unit is $10. This is the quantity required for 
about 100 MARTAC units. The projected price for 
1963 is less than $10 in 1000-lot quantities. 

Off-the-shelf Availability - All of the units 
now in production are available off the line at a 
rate of 2000 per day, with enough stock on distrib- 
utors' shelves for total orders of 1000 pieces. 
Up to 250,000 units of one type can be delivered 
In a 4-mo period. 

Ease of Manufacturing Assembly - Microminia- 
ture components usually Introduce new problems to 
the assembly line. Their manufacture and assembly 
require special equipment and specially trained 
operators. However, Micrologic uses only standard- 
size transistor leads coupled to standard TO-S or 
TO-47 cans. Any assembler of standard components 
can handle them; no special tools are needed. 



^Figures and Tables are grouped at the end of 
the paper. 
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Low Power Dissipation - Typical power dissipa- 
tion ranges from 15 to 75 mw. Thla is not excep- 
tionally good when compared to other techniques. 
Many are much better, and some are worse in this 
characteristic. The heat dissipated is still low 
enough that heat sinks are not required, and only 
a minimum ventilation system is needed. In most 
ground equipment, this Is sufficient. 

Interclrcult Compatibility - Any Micrologic 
circuit will drive any other Micrologic circuit 
without an interface. The fan- in and fan-out capa- 
bilities vary from one type to another. Some other 
methods allow more fan-out and fan- In, especially 
the diode-resistor coupled technique. 

Standard Circu i ts for Minimum Stock - Most 
binary functions can be performed by using only two 
of the units — the three-input "nor" gate and the 
buffer element. By using the seven basic circuits 
available, a greatly simplified and less-expensive 
system can be built. 

Reduced Space Requirements - The cordwood 
techniques results In a space reduction of about 
5:1 over standard packaging of standard components 
(Ref. 8). Micrologic increases this density factor 
by 10, or a apace reduction of 50:1 with respect to 
standard components. Molecular electronic circuits 
seem to have a projected density many decades great- 
er, but at present, these circuits are only in re- 
search and development. Micrologic ranks among the 
more compact in the currently available circuitry. 

Variety - This has been covered under Minimum 
Stock Requirements. When comparing offr-hhe-shelf 
with custom-built circuitry, there is little hope 
for the off-the-shelf item. However, as meutioned 
before, custom-built circuitry is unacceptable In 
the basic logic of the MARTAC system. 

With the above consideration and past experi- 
ence with planar, surface-pass ivated transistors, 
an exceptional confidence level has deueloped in 
thlB Company for the Micrologic approach to digital 
systems. 

A report concerning the present and future use 
of microminiaturization was published by P. R. 
Mallory Company in 1961 (Ref. 10). This industry 
survey showed very little anticipated use of Micro- 
logic in the very near future, but it ranks fourth 
among all the approaches anticipated for use by 
1965, and remains fourth in 1975. Molecular elec- 
tronics heads the list by 1970, followed in second 
place by Texas Instruments' solid-state circuits -- 
essentially the same technique used by Fairchild 
Micrologic. 

Future changes in the choice of technique will 
fee governed by the state of the art and availability 
(tn production quantities at the time needed. Martin 
(eels it has taken a big step into the future with 
the MARTAC system. 



IV. CONCLUSIONS 

The highly successful use of standard, off-t^ 
shelf components designed into unique circuits in 
large systems caused the Martin Company to use tha* 
technique in their first step into missile age pro* 
duction. It later became obvious that the savings 
In power and in parts did not Justify the additional 
engineering time required to produce these unique 
circuits. 

The limited use of preferred circuits in the 
first system is obvious, since many of the so-called 
unique circuits had the same specifications as other 
circuits in both the same and other subsystems. If 
the same engineer were involved in the design of 
more than one subsystem, the same circuit might 
appear in both, but this proved to be the exception 
rather than the rule. 

9 

To overcome this problem, a. Standard Circuits 
Group was organized to develop a set of preferred 
circuits to be used where possible throughout the 
system. The savings were even more than expected; 
not only was there a saving in design time, but 
repeated use of a given component reduced the price 
of these parts through quantity buying. This al- 
lowed the use of better parts in a given circuit to 
increase reliability. 

At the same time as this evolution in circuit 
design, government support of microminiaturized 
Integrated circuitry permitted increased study and 
analysis in that area. Several companies not sub- 
sidized by government agencies were aided In their 
own development programs by the results obtained by 
those companies who had government support. The 
result has been a great variety of integrated cir- 
cuitry, each having advantages and disadvantages. 
Most of this circuitry is still very expensive. Many 
companies attempting to enter the new market are 
offering to custom-build Integrated circuits for any 
company that will pay the tooling expense in addi- 
tion to the price asked for the circuits. 

The microminiaturization obtained through the 
development of integrated circuitry was really not_ 
too much of an advantage in ground equipment. 
However, some of the other results of Integrated 
circuitry seemed to have sufficient merit to require 
more investigation. The following requirements were 
assumed- to be necessary to justify the use of inte- 
grated circuitry in ground support systems: 

1) Reliability; 

2) Reasonable initial cost; 

3) Off-the-shelf availability; 

4) Ease of manufacturing assembly; 

5) Low power dissipation; 

6) Interclrcult compatibility; 

7) Standard circuits for minimum stock; 

8) Reduced space requirements; 

9) Sufficient variety of circuits to pro- 
vide 80 to 907. of each subsystem with 
the minimum-required interface circuitry. 
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With these requirements in mind, the moat 
reasonable first attempt at using the Integrated 
circuits was In a digital Logic system. The use of 
Integrated circuitry in this system seemed to pro- 
vide "11 the nine required advantages. Martin de- 
signet, a computer-controlled ground equipment 
checkout system called MARTAC that uses the inte- 
grated circuit technique, with only three standard 
integrated logic circuits throughout the system. 
The three circuits used ware a "nor" gate, a half- 
shift register, and a flip-flop. Interface circuits 
were designed to handle power switching. Unique 
circuits were also designed for an A-F converter 
section. Even in this section, however, the inte- 
grated circuits were used for logic functions where 
possible. 

One section of this A-F converter that uses a 
logic section has been analyzed using both the pre- 
ferred circuit approach and the integrated circuitry 
approach. Comparing both approaches with the above- 
listed requirements will show that each has its ad- 
vantages. The final decision as to which is the 
better approach depends on the relative Importance 
assigned to each requirement. Considering these 
requirements, the integrated circuitry seems to be 
better than preferred circuitry. 



The choice of the lnt 
used in MARTAC was limited 
those techniques that met 
ments, especially the none 
requirement. The choice o 
for use In any redesign of 
will again depend mostly o 
the time of the redesign a 
from the existing logic to 



egrated circuit technique 

by the availability of 
the preassumed require- 
uatoin or off-the-shelf 
f a particular approach 

the existing breadboard 
n the state of the art at 
nd the ease of conversion 
the new approach. 
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Appendix A 
COMPONENT COST REDUCTION 



In the two years that Martin Company has used 
the preferred circuit approach in ground equipment, 
a substantial cost reduction has been realized in 
the component field. Table III Is a sampling of 
cost reduction for some of these components. Not 
all this cost reduction has resulted from quantity 
buying. The general cost trend has been downward 
as semiconductors grow more important in industry. 
The component type numbers shown are not standard 
in the industry, but are special Martin specifica- 
tions. 

Other advantages are reflected directly or in- 
directly in co3t reduction. Basic engineering time 
is reduced. Preferred circuits reduce the scrap 
that normally would result from subsystem changes 
required by changes In checkout criteria. The sub- 
system design time required to Incorporate a change 
is reduced. The logistics problems are also re- 
duced, as only 40 circuit modules need be stocked 
to service approximately 170 different plug-in 
printed circuit boards. 

Manufacturing coat reduction has resulted pri- 
marily from volume purchasing of fewer component 
types and greater reliability in the Initial de- 
sign. The following tabulation gives the various 
cost reduction categories and the percentage saved 
by using preferred circuits. 



Circuit design and test 


50Z 


Packaging 


30X 


Components 


5 OX 


Assembly 


None 


Testing and Troubleshooting 




(Measure of Reliability) 


75% 


Logistics 


75X 


TOTAL OVERALL COST REDUCTION 


Over 50% 



6, Barry Miller, "Integrated Circuits Cut Computer 
Cost," Aviation Week and Space Technology , Vol 
76, No. 21, May 21, 1962, p. 83. 
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FIG. 1 MARTAC FLOW DIAGRAM. The functional relationship between the central 
control unit, the remote unit, and the equipment being tested is indicated. 
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FIC. 2. INTERVAL MEASUBEMENTS. MARIAC Is capable of making these 10 measurements In the 
working prototype. 
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FIG. 3. "AND-OR" LOGIC. The logic of the Time interval Section 
of the A-F converter in standard "and-or" is Indicated. 
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FIG. 4. "SOU" LOGIC, This diagram showa the logic ol Skio Tlae Interval 
Section of the A-F converter In standard "nor" ieglc. 
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ITG. 5. MICBOIDGIC. This diagram shows the logic of the Tine Interval 
Section of the A-F converter i» micrologic" . 
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tr Hjgaf jjttgf j5 nan'oaacwlds 



' intervel, HiQh 

ft«iu|i>tlort (second*) 


t 


100 microsecond* 


, Mlillsico*i4 ' 50 at*ft 


si IS l« puis* to 


I.K 


♦S P»rt fc in 10 s (O.OflG.aatf. p#r upy 
+ 1 Cowt, trigger Jitter i? *M»nosee«^« 


Pnete-Qeley or PirW 

fftACOftdf ) 


4 . 


(6 miMUw.9n.rt 


10 »#c<Mifl» O.^S Aegotim 


0,1 to 5000 cps 




♦2 Perfa le 10* <a.0002<» per -^ 

♦ 1 Cuunt. trigger Jitter + 10 nanosecond! 


f*h«««-0«lay or P»rtp** 
thtflh retolytlon) MCQfWi 


V" 


tQQ mtcroMcond* 


1 nl 1 1 1 «»c;ond 0.25 nwgoh* 


0,1 tp 5000 cp« 




+5 Porte In lo° (0.000,0050 par day 
♦1 Count, trigger Jitter *iO nan»*ecQoi»# 


frpqvortcy <cp«) 


? 


10 he p»ic dfcortd 


1 «c per *»cwii. 1.0 owgohw 


tOO CP» to 1 IK 




♦2 Pert* In 10* .0.001*1 ftfr we* 
♦1 Count 


Ql«cr*tt T4«i* Serle* 


■'"T 


IOQ0 |MK*m<l« 


' 1000 **.cbno* SO ohm* 


singfa pul*o to 


10 he 


i| Pert I* KT W.OIJTl p*** *»y 
♦j CovnT 


Tt«M 6*uy (*#«*»*hi 


i 


.iOOp ■ Mcon** ■' 


1000 5*coini« oruf 1« 

tOO, 000 eecond*. 100 r«p««ti 






♦ ) rtirt U |0« <0,O«,<> p#r day 

^,1 Coiirtt 



HCTIO. |, AH Input* or« lloatlna •"'< 
provlda tor alaotflMI laolo» 
♦ Ion »» t"« clr«Ml*« «»«*' 
t»»t tro« w«K othar «n« 
Iro. tlw t^fTTAi;. 



120 at» c«mion B«la ri* 
Jfctlort norootly.prcwloaa' 
,t Mlaldlno. Isolation, 
and optional oufcrdao in- 
. PMt (whan roqulfadl. 



Volloo* and ratt.tanca ow«r-»s«l» "• to apprOKlpntotv 10* .t* 
posilbla Kith tllOht dasra^ll«« I* actvr«pp, Ckvaao'lna t*»» ■ 
seal* will aa Indicated with tn. ovor-scol, rafdlflg, Excfaalv, 
oyar-'KOlf raaulta In «»Htlor (ilijciilnj ohleh any r«(lro vp 
to fayaral taeond* to slapr attpr rofflovlno tti* Inpvt .a|on«l. 



TABU II. COMPPNENT COST COMPARISON FOR TIME INTERVAL LOGIC 



Number of (Sprnponents 
Coot R«r Cotnporient 
Net qpmp9n«j»'; Cost 
Incoming Inspection Cose* 

I IM UJ i m WKi 1 ' ' 6n < " I 1 ! 11 «li» nm. . ii Mu ll I 



Standard Components 



Resistor* Transistors 



67 

$0.04 

$2,68 

NU 



155 
$ 8,30 
$1317,50 
$ 0.40 ea. 

J m i i" m i ii . ■ tin i ll, ' 



Micrologic 



62 
$ 30.00 
$1860,00 



h?w.w 



ISross Cost j Incoming 



S't^ai.lW 



TABLE HI. COST REDUCTION DATA 



Component ffiffl * July ' 59 Noy ' 61 Savtn^g 



Dipds 

Diode 

Diode 

SCR 

Trans is cor 

Transistor 

Unijunction 

Cepaqltor 

Capacitor 



1N457 

1N645 

1N754A 

78E2-1 

78D1.-2 

78P26-1 

2N492 

90D2-38 

90E26 



$ 1.58 

3.20 

4,15 

43,00 

34.00 

55.99 

8.00 

9.95 
2.72 



$0,19 
0.35 
1.00 
7.7? 
3.75 
6.60 
6.35 
5,55 
1,55 



$ 1,39 

2,85 

3,13, 

35.25 

30,25 

49,3? 

1.65 

4.40 

1.17 



584 



